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Executive Summary

The HPV category “Formates’ is proposed and justified to comprise the four HPV
chemicds

Formic acid
Sodium formate
Cddum formate
Methyl formate

O O oo

These chemicals are used in many diverse gpplications including agriculture, leather
production, grout and concrete mixes, sted making, as solvents and as chemical
intermediates.

Experimenta evidence is presented to demondrate that the formate ion is the prime
determinate of toxicity for al members of this category. Methyl formate, whichisa
volatile solvent, may at first glance gppear to be an outlier; however, it fitsnicdy into this
category sinceit isrgpidly hydrolyzed in vitro and in vivo to formic acid and to methanol.
Methanol systemic toxicity is known to primarily be aresult of formate produced by the
biologica oxidation of methanol. Pharmacokinetic data indicate that methyl formateis
transformed very rgpidly into formic acid and methanadl in the body with a hdf-life on the
order of severa seconds. In the environment, this transformation is facile at neutral pH

and increased at dightly basic pH levels.

Although the physicochemicd characterigtics of these materids vary from volatile liquid
to nonvolatile solids, they share most properties that relate to potentia impact on the
environment and health. All are readily biodegradable and present little or no
bioaccumulation or bioconcentration. Although initid environmenta distribution varies
among these materids, the ultimate fate as carbon dioxide is shared among al members,

Adverse effects on environmenta organisms are minima for the category. Formic acid
has specific potential adverse effects by virtue of its strong acidic properties and methyl
formate possesses a solvent-narcoss activity prior to hydrolysis. After hydrolysis or
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neutraization, al materias converge to the low-hazard formate ion, which itsdf is
reedily converted to carbon dioxide in the environment by biodegradation or photo
oxidation.

The acute toxicity of al materidsislow with no specia hazards. Aswith the
environmenta effects, formic acid has additiond hedth hazard due to its strong acid
properties and methyl formate can produce solvent-narcosis at high concentrations.

Genatoxicity testing results are largely negetive but additiona informetion is desired to
fulfill the HPV chromasome aberration endpoint of methyl formate and in vitro tesing is
proposed. Low-leve exposures to formates are not considered a health concern because
formate is anorma component of the human body and is contained naturdly in many
foods.

After repeated dosing by inhdation or by drinking water, few systemic effects have been
observed for formates. A 13-week inhdation study of formic acid in rats and mice
provides strong evidence of formate' s low systemic hazard. Chronic and
multigenerationa studies of sodium and calcium formate indicate low chronic,
reproductive and developmenta hazard; however, these studies are not well documented.
Although these studies are of vaue, the confidence in the resultsis lower than for the
acute hazard. A developmentd toxicity study using sodium formate as amodd formeateis
recommended.

Testing Plan

Datafor most of the HPV endpoints are elther available or can be readily estimated with
sufficient certainty for most of the HPV endpoints for these chemicals. Formic acid deta
needs are being addressed by an EU consortium under the ICCA Initiative. In
condderation of anima wefare concerns to minimize the use of animalsin the testing of
chemicas, the Panel has conducted athorough literature search for dl available data,
published and unpublished. It has aso performed an analysis of the adequacy of the
exising data. Further, it developed a scientifically supportable category of related
chemicas and used structure-activity reaionship information to fill certain deta gaps.
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The god of developing achemica category is to use interpolation and/or extrapolation to
assess chemicals rather than conducting additiond testing with specific congderation of
anima welfare concerns to minimize the use of animasin the testing of chemicads. The
following study is planned to strengthen the data set for toxicologica information of
formates

[0 Deveopmentd toxicity for sodium formate
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Testing Plan in Tabular Format

Formates Category

HPV Endpoint

Physical Chemical
Melting Point
Boiling Point

Vapor Pressure
Water Solubility
Partition Coefficient

Environmental & Fate
Photo-Degradation
Water Stability
Transport
Biodegradation

Ecotoxicity
96-Hour Fish
48-Hour Invertebrate
72-96-Hour Algae

Toxicity

Acute Oral

Acute Inhal

Acute Dermal

Repeated Dose
Reproductive**
Developmental

Genetic Toxicology in vitro
Genetic Toxicology Clast

* Formic acid is being addressed under ICCA by an EU consortium.

& & e
& & &
& §
R C)?~ S \<<
SV A
QO O"b’ ®O @‘ZJ
Codes
D D D D D Data Available
D NA NA D E Estimate
D NA NA D S Surrogate
D D D D T Testing
D E E D NA Not applicable
E NA NA E
NA NA NA D
E E E E
D S D D
D D D E/D
D E D E/D
D E D E/D
D D D D
D NA D D
NA NA NA D
D D D S
T S T S
T S T S
D D D D
D S D S

** Specific reproductive testswill not be conducted as this endpoint may befilled by a
combination of arepeated-dose/subchronic sudy and a developmentd toxicity studly.
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Overview and Justification of Category

Chemicals in the Category

ThisHPV category is composed of formates and congsts of four HPV chemicals.

Formic Acid
Sodium formate
Cdcium formate
Methyl formate

> w D P

Formic acid isan ICCA chemical and a separate document is being prepared in the EU
for assessment under the OECD/SIDS program. Data on formic acid will be reviewed
here because it is the base member of the category and has arich data set. Other
chemicas will be discussed in this document as they relate to the four main compounds.
For example, ethyl formate is a close rdative of methyl formate and methanol isan
environmenta and physiologica hydrolysis product of methyl formate. Information on
biologica activity of sodium and cacium ions are dso rdevant to defining hazard from
the two sdts.

Rationale for Class

Grouping of amilar chemicdsinto classes is encouraged to conserve resources and
reduce anima usage in the HPV Chdlenge Program. The Formates congtitute a category
where grouping is readily judtified and where viewing the group in this way enhances
understanding of the potentid toxicity of al members.

There are severd possible ways of grouping chemicasin the HPV program to form
categories. Ultimatdly, the best grouping is one that will dlow prediction and
understanding of the toxicity of smilar members of the category based on Structure and
physicd or chemicd properties. Smilar mechanisms of action and metabolic profiles
grengthen the coherence of a category. This grouping of formates fulfills the condition of
gmilar mechanisms and metabolism and provides alogical category. Although the
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members have varying physica properties, the contribution of these physica properties
to the hazard can be readily estimated from chemica principles.

The primary logic of treating these as a group stems from the high probability that the
SIDStoxicity endpointswill be primarily mediated by the formate moiety that al
members have in common. Certain differences are recognized which are important to the
acute hedlth effects, these include pH, physica sate, and likely routes of exposure. On
the other hand, the more important long-term toxic effects from low-level exposure are
likely related primarily to blood and tissue levels of formate. All four are clearly sources
of systemic formate.

Ord exposure to low levels of formic acid, sodium formate or calcium formate are
expected to result in essentidly identical formate uptakes. The ionization Sate (neutral or
anionic) in the gastro intesting tract will determine the absorption. The formis
determined amost solely by the pKa (3.74) of the formate anion and the pH of the GI
tract. Provided excessive amounts of any of these three are not ingested such that the pH
isdtered (or solubility is delayed), the norma Gl pH will result in essentidly identicdl
ratios of formic acid:formate. Thus, the absorption, distribution, metabolism, and toxicity
of these three formates are anticipated to be identicad at low ora exposure levels. Since
neither the hydrogen ion, nor the sodium ion, nor the calcium ion is considered highly
toxic, differencesin toxicity from low-level ora exposure are not anticipated if converted
to amole of formate basis.

Methyl formate is known to be rapidly hydrolyzed by serum and liver esterases (1) and in
body fluids (2) to methanol and formate (formic acid). Methanol is rgpidly metabolized
in the body to formate. Thus, after absorption, hydrolysis and oxidative metabolism of the
methanol moiety of methyl formate, al that remainsisformate. In practice, the route of
exposure for methyl formate is likely to vary from the other materids. For example, since
methyl formate is not a strong irritant, islow molecular weight, uncharged and voldile;
derma absorption and inhaation are more likely to be sgnificant routes of exposure.

A PBPK-like toxicokinetic modd was recently developed for methyl formate in humans
and has been vdidated using data from volunteers exposed to methyl formate (1). The

sdient features of thismodd that vaidate the incluson of methyl formate in the formates
class are the estimation of the rate constant (Kwr) for methyl formete hyadrolysisin vivo
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and the demondtration that the methanol formed is metabolized to formate. The estimated
first order rate congtant for hydrolysis of methyl formate derived for the model is 6.7
mir, which corresponds to an in vivo half-life of only 6.1 seconds. This indicates that
methyl formate hydrolyssis dmost ingantaneousin the body and it is unlikely thet there
issgnificant didribution of methyl formate except as methanol and formic acid. The
formed methanol is subsequently oxidized to formate, which is known to be the causative
agent for much of the reported methanol systemic toxicity (3). It istherefore prudent
when consdering systemic toxicity, to treet methyl formate as formate.

In support of a common mechanism of toxicity, the rat ord LDsp when caculated in units
of milli-equilivants formate per kilogram bodyweight is very smilar across the category.
Formic acid shows more toxicity, which is anticipated due to its acidity. Methyl formate
shows the lowest toxicity on this basis. The lower acute toxicity of methyl formateis
possibly due to ether/or the dower converson of methanal to formate dtering the
formate toxicokinetics or the excretion of methanol or methyl formate viathe lungs. In
addition, the higher oral LDsp of methanal itsdf (>5000 mg/kg) isin accord with this
proposed mechanism for reduced methyl formate ora acute toxicity. Overdl, the
correlaion of LDso with milli-equilivants formate is very good and supports acommon
mechanism for acute toxicity.

Materid # LDsg in
Mol Wt LDso
Formates meg/kg
Formic acid (4) 46 1 730-1830 16 - 40
Cdcium formate (5) 130 2 2700 38
Sodium formate (6) 68 1 >3000 >44
Methyl formate (7) 60 2 1500 50

Another piece of supporting evidence for incluson of methyl formate in the category

comes fromthe L D5, of ethyl formate, which isreported in [IUCLID as 1850 mg/kg (8) and as
4490 mg/kg (9). The expectation, based on the assumption that methyl formate is acutely
toxic due to its metabolism to formate, is that ethyl formate would have a higher LDsg by
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about 2-3 fold snceit is metabolized to ethanol and formate and the ethanol goes on to
acetate rather than formate. The experimental evidence fits reasonably well in this case.
Propyl formate, likewise, is reported to have an LDsg of 3980 mg/kg in therat by ora
adminigration aso showing afit of these smple formate esters in the same category with
formate sats regarding acute toxicity (10).

A toxicokinetic modd for methyl formate exposure and excretion has been recently
developed and validated (11). The modd indicates thet the initid metabolites of methyl
formate are formic acid and methanol. Methanal is both excreted and converted to
formic acid. Formic acid excretion kinetics in the urine was reported to be controlled by
a saturatable urinary regbsorption of formic acid.

It is known that methanol toxicity islargely determined by its metabolism to formic acid
(3). Thetoxic effects of methanol and metabolic acidoss are mainly or completely a
result of the extreme eevation of blood formate resulting from metabolism of methanol
to formic acid. Formate mediated methanol toxicity aso accounts for the species
difference of methanal toxicity wherein primates, which are reatively poor at
metabolizing formate, are more sengdtive to the toxic effect of methanal than are rodents,
which metabolize formate more quickly (12). Investigations of methanol toxicity aso led
to the finding that folate deficiency exacerbates methanal toxicity. The mechaniam was
determined to be through tetrahydrofol ate- mediated metabolism of formate to carbon
dioxide. In this mechanism, formate binds to tetrahydrofolate (THF) and the complex is
oxidized to carbon dioxide by the enzyme formyl-THF (13). Therefore, lack of sufficient
folate leads to areduced rate of formate metabolic clearance.

Because of therole of formate in methanal toxicity, much of the information derived

from the study of methanoal is applicable to understanding the toxicity of formates. In
addition, this connection of formate with methanal toxicity strengthens the inclusion of
methyl formate as a member of the HPV formates category relative to hedlth effects.

Effects on environmenta organisms at low levels are expected to primarily be aresult of
the formateion. Methyl formate, being an organic edter, is anticipated to have direct
acute solvent-like effects on environmenta organisms at high concentrations and these
narcotic- like effects are conddered separately. Environmenta hydrolysis of methyl
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formate a pH 7 to 9 isknown to be afacile process yieding methanol and formic acid
(14). At pH 8 and 2501 C the hydrolytic haf-life of methyl formate in aqueous solution is
caculated to be 5.3 hours based on the published K. Under typica environmenta
conditions, formic acid that is formed by hydrolysis will react with water to quantitatively
produce formate anion. Methanal that is produced will be biologicaly oxidized via
formadehyde to formate and findly carbon dioxide. Thus, methyl formatefitsin the
category relative to environmentd effects.

Avallable data for aquatic toxicity support the proposed categorization and are given in
the table below. As discussed above, methyl formate is anticipated to differ from the
others due to the ester moiety dominating the acute toxic effects. Formic acid is
anticipated to differ by virtue of its acidity. Cacium ion isknown to be of low aquatic
toxicity (15); therefore, calcium formate should fit into the paradigm adequately.

Material . LCso Or EC5.0 (mg/L)

Fish Daphnids Algae
Formic acid (4) 46-175 120-150 25
Cdcium formate (5) >1000 ND ND
Sodium formate (6) >5000 >1000 ~1000
Methyl formate (7) 120 >500 190-240

In summary, the category approach iswell supported for the proposed “Formates’
category comprised of formic acid, sodium formate, calcium formate and methyl formate.
The environmental and hedlth effects of theionic formates are primarily determined by
the formate moiety. Methyl formate is rgpidly converted to formic acid and methanal,
which is subsequently converted to formate. Much of the environmental and hedlth
effects data developed for any member of the category will apply across the category.
The category approach isjusdtified to save resources including the use of experimentd
animas.
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Production, Uses and Exposures

All of these formates are produced or imported over amillion pounds per annum into the
United States. The uses and potentia exposures vary across the category. 1t should be
noted that formates are naturdly occurring in the body and in many foods. The
introduction to the NTP 13-Week study report summarizes the naturd occurrence of
formic acid asfollows. “Formic acid, first described by Fisher in 1670 in the products
resulting from the didtillation of red ants (16), occursin both naturd and man-made
sources in the environment. A congtituent of ant, wasp, and bee venom, formic acid dso
occurs in mammalian muscle tissue, swest, and urine. It isfound in plants, such asin the
needles of the Douglasfir, and in unripened grapes, peaches, raspberries, strawberries,
petitgrain lemon, and in bitter orange (17). It dso is present in many foods (18), e.g.,
fruits (20 - 40 ppm), fruit juices (30 - 100 ppm), fruit syrups (650 - 1630 ppm), honey (20
- 2000 ppm), wines (1 - 340 ppm), coffee, roasted (1350 - 2200 ppm), coffee, extracts
(2000 - 7700 ppm), evaporated milk (30 - 400 ppm), and cheese (20 - 200 ppm) (19).”
(20).

Methyl formate has aso been detected in foods. Reports describe its occurrencein
tomatoes (21), apples (22), and coffee (23). Therefore, ora exposure through ingestion of
common foodstuffs will contribute to human exposures.

Formic Acid

In the Kirk-Othmer Encyclopedia of Chemical Technology (24) it is stated thet there are
three main processes used to produce formic acid. Thefirst is by acid-hydrolyssof
formate sdtsthat are in turn by-products of other processes. The second is as aco-
product with acetic acid in the liquid- phase oxidation of hydrocarbons and the third isby
carbonylation of methanol to methyl formate, followed by direct hydrolyss of the ester or
through formamide. Worldwide production of formic acid was estimated at 330,000

tones per annum in 1988 with US production estimated at 13,000 tones per annum (25).

Formic acid isused in textile dying and finishing, as achemicd intermediate, in leather
processing, in rubber manufacture, as a catalyst in hydrocarbon-formadehyde resins &
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phenalic resins and as apladticizer for vinyl resins. It dso is reportedly used in the
electroplating industry, as an antiseptic in wine and beer brewing, as a preservativein
animd feed additives, as a component of cleaning solutions, as awire stripping
compound, in the preparation of bare wires for soldering, as alaundry sour and as an ail

wdl acidifying agent (26).

The primary use worldwide is as aslage additive. Thisuseis more prevaent in Europe
than the US. Formic acid application to fresh cut grasses prior to ensilation enhances the
nutritiona vaue of the produced silage. Lactic acid production is enhanced while the
undesirable butyric acid production is avoided. Formic acid can also be used asan
additivein anima feeds where it has anti-bacterid activity. Use asachemicd

intermedi ate includes the preparation of formate esters used in flavors and fragrances and
in the synthesis of aspartame. U.S. Production in 1975 was reported as 28 million kg (24).

The United States usage pattern of formic acid was described in 1965 by SR
International as 55 percent used in textile dyeing and finishing; 15 percent as an
intermediate for formates; 10 percent in leether tanning; and 20 percent in miscellaneous
goplications (26). A more recent estimate of usage from the Chemical Products Synopsis
in 1985 indicates shifting usage with textile dyeing and finishing at 21 percent, 20

percent in pharmaceuticals, 16 percent in rubber intermediate, 15 percent in lesther and
tanning treatment, 12 percent in cataysts, and 18 percent in miscellaneous uses including
oil wel acidizing (26). The 2001 Chemica Economics Handbook does not bresk the
usage pattern into percentages but suggests asmilar distribution of uses. It dso addsthe
following uses, in the manufacture of epoxidized soybean oil and as an active ingredient
in commercid cleaning products (27).

Exposure to formic acid may occur by inhdation, derma absorption or ingestion. As
formic acid is strongly irriteting, it is assumed that exposure by the inhdation or the
dermd route is sdf-limiting. Ora ingestion of foodstuffs with naturaly occurring formic
acid content is not thought to be a health concern and ingestion is an unlikely route
relaive to industria exposure where most of the US production is consumed. No
information on exposure levels was available for review.

In 1976, under contract to the FDA, the Federation of American Societies for
Experimentd Biology (FASEB) produced a“GRAS Document” covering formic acid,

Formates Category HPV Test Plan Page 15 of 59



sodium formate and ethyl formate. The conclusion of this report was that the use of
formic acid and sodium formate as an ingredient of paper and paperboard food packaging
material does not present ahazard (28).

The FDA dlowsthe use of formic acid as afood additive permitted for direct addition to
food for human consumption as a synthetic flavoring substance and adjuvant in
accordance with the following conditions: 1) the quantity added to food does not exceed
the amount reasonably required to accomplish its intended physica, nutritive, or other
technica effect in food, and 2) when intended for usein or on food it is of appropriate
food grade and is prepared and handled as afood ingredient (29). In addition, the FDA
permits the use of formic acid as a preservative in hay crop silage in an amount not to
exceed 2.25% of the silage on adry weight basis or 0.45% when direct-cut. The top foot
of dlage stored should not contain formic acid and silage shoud not be fed to livestock
within 4 weeks of trestment (30).

Sodium Formate

Sodium formate is produced by the reaction of carbon monoxide with sodium hydroxide

and as byproduct in the production of pentaerythritol. U.S. Production in 1975 was
reported as 15 million kg. (312).

Sodium formate is used as an intermediate in the production of formic acid, oxalic acid
and afew other chemicds. It is used in eectroplating and textile production, in the
tanning of leather and as areducing agent (31). Other uses are for gas scrubbing, asan
ail-wdl drilling fluid additive and a smdl quantity is used as an ingredient in liquid
detergents. The mgor current uses are in leather tanning, gas scrubbing and as an ail-
well drilling fluid additive (32).

Sodium formate is affirmed as GRAS by the FDA as a congtituent of paper and
paperboard used for food packaging (33).

Exposure to sodium formate is restricted to workers in chemica plants producing the
materid, chemica workersusing it as an intermediate, textile workers, electroplaters,
leather tanners, workers using it for gas scrubbing and as an oil-wdl drilling fluid
additive, and minor consumer derma exposure fromits use in liquid detergents. Since it
isnot volatile, inhaation exposureis restricted to conditions where particulate materia
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may be suspended in air and inhaed. Asan ionic olid, derma exposure will not result in
ggnificant sysemic exposure.

Calcium Formate

Cdcium formate is prepared from the high-temperature and high- pressure reaction of
cacium hydroxide and carbon monoxide (34). It is aso available industridly as aby-
product from the preparation of pentaerythritol and other polyhedric a cohols and of
disodium dithionite (24).

Cadcium formate is used as a preservative for slage and as afood preservative. It dso
finds use as a component of drilling fluids and lubricants, as a binder for fine-ore
briquets, in the tanning of lesther and in flue gas scrubbing (34). Cacium formateis
added to feed and premixes for piglets and caves as an organic acid to stabilize the
digestive process (35). It dso finds use as a nonchloride accelerator used to reduce the
setting time of concrete and smilar materias (36). Use in grouts and concrete products
aremgor current usesin the U.S. for calcium formate.

Exposure to cacium formate appears to be restricted to workersin chemical plants using
it as an intermediate, or as a component of grout and concrete mixes, farm workers usng
it to treat Slage and potentialy workers preparing and dispensing feed where it may be
used as an additive. Sinceiit is not voldile, inhaation exposure is restricted to conditions
where particulate material may be sugpended in air and inhaled. As an ionic solid, derma
exposure will not result in sgnificant systemic exposure.

Methyl Formate

Reported methods for the preparation of methyl formate are the reaction of methanal,
carbon monoxide and steam, over acharcod or sodium methoxide catalyst at 200 degrees
C and 200 atmospheres of pressure; by esterification of formic acid and methanol and by
hesting methyl acohol with sodium formate and hydrochloric acid (37).

Methyl formate is used as a solvent and a chemicd intermediate, a fumigant and larvicide
for tobacco, dried fruits, cereals and other foods, and as a high-boailing refrigerant (37).
Other reported uses are as a solvent for cellulose acetate (38) and as a catalyst and
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binding agent for core sand in the production of mold coresin iron foundries where it has
replaced dimethylethylamine (39).

Human Experience and Considerations

General

Humans are known to accumulate toxic formate more easly than non-primate
experimenta animas due to their reduced capacity to metabolize formate to carbon
dioxide. Much of thisinformation comes from the sudy of methanal toxicity where
humans have gregter sengitivity than most animals and show ocular toxicity while rodents
do not. The enhanced methanol sengitivity in large part isaresult of the biologica
oxidative converson of methanal to formic acid resulting in ametabolic acidoss (and
ocular effects) not seen in most lower-animas. The accumulation of formate in humans
is due to areative deficiency in formate metabolism as compared to most experimental
animds, rdated partly to alow hepatic tetrahydrofolate (H4 folate) levelsin humans.
There is an excdlent correation between hepatic H4 folate and formate oxidation rates
within and across species. Humans possess low hepatic H4 folate levels and demonstrate
low rates of formate oxidation and the accumulation of formate after methanol exposure
(40).

Formic Acid

In the indudtria setting formic acid is know to be a severe skin, mucus membrane, eye
and respiratory tract irritant; however, few other adverse effects have been definitively
associated with industrid exposures (26). Since formic acid is naturdly occurring in
many foods and as formate isanormal congtituent of intermediary metabolism (41), low
level systemic exposureis not likely to result in adverse effects.

Intentiona ingestion (overdoses) are reported to produce salivation, vomiting (which may
be bloody), a burning sensation in the mouth and pharynx, diarrhea, and severe pain.
Circulatory collapse may follow, causng death (42). Ellerhorn’s Medica Toxicology
notes that formic acid ingestions are unique in their ability to cause degth after a
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prolonged course of classica acid-induced gadtrointestind damage. Ingestions of less
than 10 grams by children have led to superficid oropharyngeal burns with the children
recovering. In adults, ingestions exceeding about 50 grams were generaly fad with
lesser doses resulting in superficia oropharynged burns, hematemes's, hepatotoxicity,
ulcerations and perforation of the gastrointestingl tract (43).

Twelve farmers exposed to formic acid for eight hours in silage making were examined
for effects on calcium excretion and renal anmoniageness. Eight of the subjects were
exposad below 9 mg/n?® (MAK vaue) and four were exposed a or above this level.
Exposure was associated with increased rend ammoniagenesis and urinary calcium
excretion at 30 hours post exposure. It was speculated that these biochemica effects
could be explained by the interaction of formic acid with the oxideative metabolism of
rend tubular cdlls. The authors concluded that current hygienic exposure limits might not
entirely protect formic acid exposed individuas from rend effects (44).

Exposure limits for formic acid are (45):

= ACGIH TLV: 5 ppm; 9.4 mg/m3 (as TWA); 10 ppm; 19 mg/m3 (as STEL)
(ACGIH 1996)

= MAK: 5 ppm; 9 mg/m3; (1995).

=  OSHA PEL: TWA 5 ppm (9 mg/m3)

= NIOSH REL: TWA 5 ppm (9 mg/m?3)

= NIOSH IDLH: 30 ppm

Sodium Formate

Reports of human experience to exposures of sodium formate are very limited. In
Gossin et d. (46) the entry for formic acid and sdits, lists for sodium formate: “sodium
formate appears to have alow toxicity (10 g by mouth without ill effectsin man)”. This
report is consstent with the reatively low toxicity of formic acid epeciadly consdering
sodium formate is not acidic. As noted under formic acid human experience, formateisa
norma congtituent of intermediary metabolism and low-level systemic sodium formate
exposure is probably inconsequentid.

No occupation exposure standards were located for sodium formate.
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Calcium Formate

No human experience information was available for incluson and no occupation
exposure standards were located. As noted in other sections, formate is a normal
condtituent of intermediary metabolism and low-leve systemic calcium formate exposure
is probably inconsequentid.

Methyl Formate

Exposure to methyl formete is believed to occur primarily by inhaation dueto its
volaility. Derma exposure is aso expected to result in systemic uptake; however, dermd
exposure is thought to be very limited as methyl formate, to the best of our knowledge, is
only used in industrid settings.

Methyl formate vapor exposure has been reported to produce nasa and conjunctival
irritation, retching and CNS depression (37). Recently exposure of human volunteers at
100 ppm was shown to be associated with an increase in the subjective feding of fatigue
without impairment of neurobehaviord performance (47). A study of exposure and
neurobehavioral endpoints was recently reported in afoundry. Although the measured
exposure exceeded the MAC vaue of 400 ppm on some occasions, there were no
measurable neurobehaviord changesin this group of 10 workers (48).

Expaosure limits for methyl formate are (49):

= ACGIH TLV: 100 ppm; 246 mg/nt STEL 150 ppm (ACGIH 1996).
=  OSHA PEL: TWA 100 ppm (250 mg/nT)

= NIOSH REL: TWA 100 ppm (250 mg/nt’) ST 150 ppm (375 mg/nT)
= NIOSH IDLH: 4500 ppm
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Physicochemical Information

The physicochemicd properties of this class are dependent on the physical form and
ionization status. Properties required under HPV are either known or can be easlly
extrapolated for dl class members.

Methyl formate is the only true neutral organic molecule in this dass, it isalow-bailing
volatile liquid, and its physicochemica properties rdlevant to HPV are known.

Formic acid isdso aliquid but much lessvolaile. On dissolution in water it partidly
ionizes according to its pKa and the resulting pH of the solution to formateion. The
IUCLID summary notes that there is a discrepancy in the octanol-water partition
coefficent vauesin the literature. Thisis not surprisng asthe patitioning is pH and
hence concentration dependent. The conclusion, however, isthat the equilibrium favors
water for both the ionized and non+ionized forms; thus, the Po/w is not definitively
known (and may not be directly measurable) but the available information is consdered
adequate for the HPV Program endpoint.

Both cacium and sodium formate are water- soluble sdts of formic acid. As slts, they
are solids and essentidly non-volatile. Because they are sdlts of formic acid, the octanol-
water partition coefficients are pH dependent and not definitive without specification of
concentration or pH. They both favor water and are sufficiently well established for the
needs of HPV.

Physcd | Baling/Md | Vapor Water Log

State ting Point Pressure (2000) | Solubility | Ko/w
Formic acid (4) Liquid 100.600 C 42 hPa Miscible -0.54
Methyl formate (7) Liquid 3230C 644 hPa 300 g/L -0.21
Sodium formate (6) Solid 2530 C Nil 550 g/L ND
Cddum formate (5) Solid >3000 C Nil 160 g/L -2.47

Summary and Recommendations for Physicochemical Information. All parameters
have adequate data for the purposes of HPV. No additional testing is recommended.
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Fate Information

Digribution in the environment is anticipated to be the same for formic acid and its
sodium and calcium salts provided the pH is equivdent in the environment. The proper
caculation of distribution at neutra pH vaues isto use the properties of theionized
form. The Mackay level 111 modd contained in EPIWIN suggests that the mgority of
any of the formates entering awaste water plant will be contained in the effluent. Inthe
case of methyl formate, about 10 percent of the materia will likely belost to arr. Asdl
of these formates are readily biodegradable, the actud effluent output will be dependent
upon severd factors with residence time, temperature and acclimation predominating.
Rdative to the HPV program, it can be concluded that formic acid, sodium formate and
cacium formate will distribute dmost exclusvely to water where biodegradation will
occur with no bicaccumulation. Methyl formate will distribute to water and air where it
will photodegrade (air) or biodegrade (water, it may aso hydrolyze prior to
biodegradation) with little or no bicaccumulation.

As acategory, the ultimate fate of dl of these materiasin the environment is dependent
primarily upon the fate of the formate ion. Methyl formate is known to bresk down
rgpidly to formic acid and methanol. Under aerobic conditions, methanol will oxidize
through formate to carbon dioxide. Sodium and calcium cations are sablein the
environment but are considered innocuous after dilution. Formate anion is known to be
readily biodegradable (50).

All four materids have been tested for aerobic biodegradation and found to be “readily
biodegradable’ by the OECD criteria (see robust summaries). Although the quadity of the
tests varies, the consstency and structura smilarity indicate thet the formate moiety and
the methyl moiety are readily biodegraded.

Photodegradation in the atmosphere is reduced by the category approach to a
congderation of the photodegradation of formic acid and methyl formate. Sodium
formate and cdcium formate are not volatile; however, under acidic conditions they will
be converted to volatile formic acid that will undergo atmospheric photodegradation.

The rate of reaction of atmospheric hydroxyl radica with formic acid is known and at the
default (5.0 x 10° molecule per cubic centimeter) concentration of atmospheric hydroxyl
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radicas, aty» of 35 daysis predicted (based on a 24-hour day, see robust summaries for
formic acid).

Methyl formate has an experimentally measured reaction rate constant with hydroxyl
radicals (given in the APOWIN 1.90 tables comparing estimated to actual values) and
using the current EPA default of 1.5 E° hydroxyl radicals per cubic centimeter aty, of 47
days (based on a 12-hour day)(7).

Abiotic degradation in weter is an important mechanism for loss of Methyl formate based
on its estimated hydrolytic hdf-life in water a 20°C of 67 hoursat pH 7 and 40 minutes
at pH 9. The attached robust summary contains specific information on the determination
of the hydrolysis rate constant and the gppropriateness of this methodology to estimation
of the environmentd hydrolysisrate.

Summary and Recommendationsfor Fate

All fate parameters for al members of the category have adequate information to fulfill
the HPV Program requirements. No testing is recommended.

Effects on the Environment

Fish, Invertebrates and Aquatic Plants

The effects of formates on fish, invertebrates and aguetic plants elther are known or can
be predicted by the category approach and the structures of the materids. In addition a
magor environmenta impact study of sodium formate was conduced by Transport Canada
at the Hdifax arport in support of the use of sodium formate as a deicing compound on
runways (51). Theresults of this study indicated that the use of sodium formate over the
winter of 1991-2 a Halifax Internationa airport had minima effects on the adjacent
vegetated soils or on monitored test streams.  In this sudy, multiple tons of materids
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were used on ataxiway and extensve environmental quality monitoring was conducted
on surface (including aguatic organisms) and groundwater.

Avallable data for aguatic toxicity are given in the table below. As discussed above,
methyl formate is anticipated to differ from the others due to the ester moiety dominating
theinitid acute toxic effects prior to hydrolyss. Formic acid is anticipated to differ by
virtue of its acidity. It can be caculated fromthe K that, without buffering, a 10 mg/L
solution of formic acid will have an gpproximate pH of 3.7 and the expected pH is 3.2 a
100 mg/L. It is gpparent from the sodium formate data that the formate ion itsdf hasa
low order of toxicity and since cacium ion is known to be of low aguatic toxicity (52) it
is evident that calcium formate will aso have low order of toxicity toward these aguetic
Species.

Material . LCsp Or EC5.0 (mg/L)

Fish Daphnids Algae
Formic acid (4) 46-175* 120-150 25
Cdcium formate (5) >1000 NA NA
Sodium formate (6) >5000 >1000 ~1000
Methyl formate (7) 120 >500 190-240
(Methanal) (53) >1000 >1000 >1000

* Without pH adjustment, with pH adjustment the LCsp
is the same as sodium formate.
NA means not available

Concern with the aguatic data include both the hydrolysis and volility of methyl

formate. Environmenta hydrolysis of methyl formate & pH 7 to 9 is known to be afacile
process yieding methanol and formic acid (54). At pH 8 and 2001 C the hydrolytic half-
life of methyl formate in agqueous solution is calculated to be 6.7 hours based on the
published ky. Under typical environmenta conditions, formic acid produced by
hydrolysiswill react with water to give formateion that will biodegrade to carbon
dioxide. The methanol produced by hydrolysiswill be biologicaly oxidized via
formaldehyde to formate and findly carbon dioxide. It can be argued that the Satic
toxicity test, where hydrolyss products are allowed to form, isamore redistic test of the
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acute toxicity of this materid in the environment; however, in stuationswherethereisa
continuous influx of materid in to the environment, aflow through test might be more
gopropriate relative to alocdized area of awaterway. Logicdly, with the low Ko/w of
methyl formate and the high rate of abiotic and biotic degradation, accumulative effects
are not anticipated to be important for fish and daphnids and a combination of QSAR
modeling with available gatic results is considered acceptable for the aguatic toxicity
endpoints. A more in depth discusson of the estimation of Methyl formate aquatic
toxicity and the issues surrounding this estimation is provided in Appendix 1 of this
document.

In addition, the EPA ECOSAR modd for esters gives a predicted 96-hour LC/ECsg of
132 mg/L for fish, 4500 mg/L for daphnids and 9 mg/L for dgee. These arein accord
with the observed Setic results. The experimenta dgae result of an 1Csp in the range of
190-240 mg/L iseasily reconciled. Thisis the expected apparent result over a 96-hour
sudy if thereisan initid strong inhibition of growth followed by rapid hydrolysis of
methyl formate to the essentially non-inhibitory methanol and formate. The EPA
ECOSAR mode does not take hydrolysisinto consideration; therefore, the predicted
vaue may be in accord with the experimenta vaue for aga inhibition. Based on the
available test results and the known environmenta fate of formic acid and methanol, the
aquatic hazard of methyl formate is sufficiently characterized for the purposes of the
HPV Program.

In summary, the formates as a category have low aquatic hazard with the exception of pH
effects of formic acid and an initid moderate toxicity of methyl formate to fish and dgae
which isfollowed by arapid hydrolysisto the less toxic products of methanol and
formate.

Summary and Recommendationsfor Environmental Effects

All environmenta effect parameters for al members of the category have adequate
information to meet the HPV Program requirements. No testing is recommended.
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Health Effects

Acute Oral Toxicity

Aswith the environmenta effects, the acute ord toxicity of formate itself appearsto be
very low; however, the acidity associated with formic acid appears to increase the acute
ord toxicity of this substance and the solvent- narcotic effect of methyl formate gppearsto
increase its acute toxicity.

Formic Acid

Severd acute ord toxicity tests of formic acid have been conducted giving LDso vaues
between 730 mg/kg and 1830 mg/kg (55). The lowest LDsp vaue (730 mg/kg) is selected
asthe key sudy asit is both the lowest and the study followed the OECD 401 guideline
using four dose levels and groups of 5 rats of each sex (56).

Sodium and Calcium Formate

The acute ord LDsg for both these materiadsis high and smilar showing the low leve of
acute toxicity associated with the formate ion. Cacium formate has three sudies
conducted giving LDsg vaues of 2650, 2560 and 3050 mg/kg (5). According to the
[UCLID 2000 document, sodium formate had an OECD 401 guiddine study conducted
in 1989. Thereault of this unpublished sudy isan LDso >3000 mg/kg (57). Neither
additiona details nor the study report were available for review.

Methyl Formate

The key study for methyl formate acute ord toxicity, giving an LDsg of 1500 mg/kg, was
conducted in 1979 using five Sprague-Dawley rats of each sex at doses of 464, 681,
1000, 1470, or 2150 mg/kg. All high-dose animas died, 2/5 males and 2/5 femaes died
in the 1470-mg/kg dose groups. Surviving rats gained weight and did not gppear to have
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delayed effects. All deaths occurred within one hour of dosing. The time course of
death, clinica observations and post-mortem findings are cong stent with solvent-narcotic
activity resulting from the bolus dose of methyl formate overwhelming the hydrolytic
capability of the test animals, being the cause of degth (7).

Summary and Recommendationsfor Acute Oral Toxicity

For the purposes of the HPV Challenge Program, the acute ord toxicity is sufficiently
characterized for al members of the category. No further testing is recommended.

Acute Inhalation Toxicity

Acute inhaation data are available for three of the four materidsin this category.

Material LCso
Formic acid 7.4 mg/L
Cdcium formate No data
Sodium formate >0.64 mg/L
Methyl formate >21 mg/L

Formic Acid
The acute inhdation LCsp for formic acid is reported as 7.4 mg/L in I[UCLID-2000 with

the notation that it was a BASF test using 10 animas of each sex per group with a 14-day
observation period. No detalls or report were available for review (58).

Sodium Formate
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The acute inhalation toxicity of sodium formate was determined to be > 0.67 mg/L ina
1990 GL P study using the solid aerosol. The study was conducted at what was considered
the maximum attainable inhalation concentration. Milled test materid wasused and a
MMAD of 5.4 microns was messured in the chamber. All animals survived the 4-hour
exposure and the 14-day observation period. The only adverse effects notes were
lacrimation and nasd discharge (59).

Calcium Formate

No inhaation studies were located, based on the sodium formate results and the minimd
toxicity of cacium sats, cacium formate can be consdered to have low inhaation
hazard.

Methyl Formate

The 4-hour inhdation LCso of methyl formate was determined to be > 21 mg/L ina GLP
study conducted using measured concentrations of test materid (60). The study was
conducted using a single concentration level and adverse effects were minima. This
study is described in detail in the robust summaries. Additiona supporting studies are
aso available and are cited in the robust summary (7).

Summary and Recommendations for Acute Inhalation Toxicity

For the purposes of the HPV Chalenge Program, the acute inhaation toxicity is
sufficiently characterized for al members of the category. No further testing is
recommended.

Acute Dermal Toxicity

The acute dermd toxicity of methyl formate in rats was found to be >4000 mg/kg in a
1979 unpublished study (61). Clinicd s9gnsincluding staggering and irregular breathing
indicated dermal absorption and sublethal effects a thisdose level. Thisis supported by
a 1990 screening-level dermd toxicity study of methyl formate sponsored by Hoechst
Celanese in which 0/4 treated rabbits died at adermal dose of 5,000 mg/kg (62).
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No testing isindicated for the other materids since formic acid is corrogive to the skin
and the other two materids are sdts of materids having low toxicity.

Summary and Recommendations

Acute dermd toxicity information relevant to the HPV Program is known, can be
edimated with sufficient confidence, or isirrdevant for al members of the category. No
testing is recommended.

Repeated Dose Toxicity

Formic Acid

The Nationa Toxicology Program has conducted 2-week and 13-week inhdation sudies
with formic acid. The results show little systemic toxicity and the primary adverse effects
involve the nasd epithdium. The 13-week NOAEL for rats and mice was reported to be
32 ppm. It was concluded in the abstract of the report: “Overdl, the effects of formic
acid were consgtent with those of irritant chemicas administered by inhdation exposure.
The no-observed- adverse-effect level (NOAEL) for respiratory injury was 32 ppm in rats
and mice. There was no sgnificant evidence of sysemic toxicity in these sudies” (20).

A feeding study using pigs was conducted with duration of gpproximately 90-days
examining the effect of feeding Ca/Na formate (50:50 weight basis) or K-diformate (30%
potassium, 35.4 % formic acid and 34.6% formates) at 0, 0.6 or 1.2% of the diet to
growing-finishing pigs (63). The K-diformate has previoudy been shown to be an
effective growth promoter in diets of both weaning pigs (64) and growing-finishing pigs
(65). There was no effect of the Ca/Na formete on growth or any other measured
parameter. K-diformate, added on top of the basdl diet, significantly increased the growth
rate of the pigs. There were no adverse effects on the hedth status of pigs fed K-
diformate and an examination of the somachs a necropsy reveded no effect on ssomach
keratinization or ulceration. Additiond studies reveded that feeding 1.2% K-diformate to
pigs decreases the coliform bacterialeve in the gastrointestingl tract. The presumed
mechanism of action was reportedly partidly explained by reduction of the population of
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gut coliform bacteria leading to reduced metabolic needs of gut bacteria and improved
avalability of dietary nutrients for the animdl.

Sodium Formate

A one-and-a-hdf-year drinking-water study has been conducted using sodium formate.
The results are only available as a brief keynote address and describe a study using six
rats per group exposed to one percent sodium formate in the drinking water for one and a
haf years. The conclusion was that no toxicity was detected (66). The pig-feeding sudies
listed under formic acid dso contained sodium formate and suggest alack of toxic effect
at moderate dose levels after repeated oral exposure.

Calcium Formate

A lifetime drinking water study has been conducted with cadcium formate in the drinking
water at 0, 0.2, or 0.4% (150-200 mg/kg/day in the lowest dose according to the authors).
Six rats per group were used and the results are only summarized in keynotes or
presented briefly in atable in the case of body weight gain. Macroscopic and histological
examinations were conducted upon the natura deeth of the animas. No significant

clinical or pathologic changes (growth or organ functions) were detected in any dose
group; in particular, there were no disorders of the ocular fundus. The study includes
severd generations (up to 5). At the beginning, 8 maes and 24 femaes were used (66). A
summary of this study may aso be found in the [IUCLID document for formic acid. The
pig-feeding studies listed under formic acid dso contained cacium formate and suggest a
lack of calcium formate induced toxic effect at moderate dose levels.

Methyl Formate

No data were found for methyl formate; however, information is avalable for its
degradation products methanol and formic acid. Dahl et d. (67) have demonstrated that
carboxylesterases are very active in the respiratory tract of rats, rabbits and hamsters.
These authors concluded, “ The foregoing cal culations, based upon the experimenta
results, indicate that inhaled esters may be largely converted to hydrolyss productsin the

Formates Category HPV Test Plan Page 30 of 59



nasal cavity”. Beyond the nasal cavity of rats, these authors found that the rat lung had
about haf the carboxylesterases activity (on a per mg. protein basis) asthe nasal
epithelium and the liver had about twice the carboxylesterases activity of nasd
epitheium. Thus, ample additiond esterase activity isavalable to rapidly hyrdolyse
edersthat make it past the nasal epithelium. Recently, Niehlen and Droz devel oped and
vaidated atoxicokinetic model of methyl formate absorption, metabolism and excretion
in humans. Thefirg-order rate congtant for hydrolysis of methyl formate was estimated
by fitting the toxicokinetic modd to individud experimenta data from 36 methyl formate
exposed individuas. The range of values obtained from these subjects was from 4.3 to
7.3 min. The value sdlected for usein the modd is 6.7 min™, which correspondsto a
hdf-life of 6.1 seconds (11). These sudiesindicate that the systemic hazard of methyl
formate inhalation can be established from the results of methanol and formic acid
systemic exposure studies.

In the NTP formic acid studies, discussed under formic acid, there was no evidence of
systemic toxicity after inhalation exposure of rats or mice to formic acid vapor up to 500
ppm for 2 weeks (5 days aweek, 6 hours aday) or up to 128 ppm for 13 weeks (5 days a
week, 6 hours a day).

There are severa studies demongtrating the low toxicity of methanal to experimenta
animals. Exposure of rats to methanol vapor up to 5000 ppm for 4 weeks (5 days aweek,
6 hours a day) resulted in only mucoid nasal discharge while monkeys tolerated 5000

ppm under these conditions with only adight increase in the spleen weight of femaes

(68). Rats exposed to methanol vapor daily for 20 hours aday for up to two years or mice
exposed for up to 18 months at 10, 100 or 1000 ppm showed minimd treatment related
effects (69). Monkeys exposed to methanol vapor for 21 hours aday in a series of range-
finding subacute studies showed no adverse effects at 3000 ppm or below but
demonstrated adverse clinica signs a 5000 ppm and above. After daily chronic exposure
of up to 7 months for 21 hours a day, 1000 ppm was found to be a LOAEL. In a 30-
month inhaation study, monkeys exposed daily for 22 hours aday demonstrated dight
liver and kidney effects at 1000 ppm, kidney effects at 100 ppm and CNS effects which
were considered trangent at 10, 100 and 1000 ppm. (69). Gavage adminigtration of
methanol to rats for 90 days at 0, 100, 500 or 2500 mg/kg/day produced few adverse
effects. Some organ weights were affected at the high dose without corresponding
hisgopathologica changes. The NOEL was 500 mg/kg (70).
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In addition to these studies of formic acid and methanol, a recent 4-week study on the
close analog methyl acetate has been conducted. In this study, male and female rats were
exposed by inhaation to vapors of methyl acetate for 6 hours aday, 5 days aweek for 4
weeks at concentrations of 0, 75, 350 or 2000 ppm. The only adverse effect found after
this exposure was degeneration of the nasa epithelium in 19/20 treated high-dose rats.
The 350-ppm level was considered a NOAEL. Blood levels of methyl acetate were
determined immediately upon cessation of the study and no methyl acetate could be
found in the blood of exposed animds. This indicates the experimentd animas

effectively and rapidly hydrolyzed inhded methyl acetate (71).

Summary and Recommendations for Repeated Dose Toxicity

Sufficient data are available within this category to meet the requirements of the HPV
Chalenge Program. Methyl formate has not been directly studied but studies of the other
formates, methanol and methyl acetate provide evidence that significant adverse systemic
effects from repeated adminigtration of methyl formate are unlikely. The only adverse

effect anticipated from methyl formate inhaation exposure a high levels is degeneration
of the nasdl epithelium. No further testing is recommended.

Genetic Toxicity In Vitro

All four materids have been found negative in the Ames test as shown in the teble.

Results of Ames Testing on Formates

Materid Reault Guiddine Y ear GLP Ref
Study

Formic acid” --* 1975, 1983 20,72, 73

Cdcium formate -1- Yes 1983 Yes 74

Sodium formate -/- No 1975 No 75

Methyl formate -1- No 1989 Yes 76

* -/- indicates negative in the presence of absence of liver SO fraction
# Formic acid has multiple negative Amestests
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Other In Vitro Assays

Formic acid

A published cytogenetic assay usng CHO-K1 cells produced ambiguous results for
chromosome aberrations. The unbuffered or unneutralized acid was clastogenic at pH
vaues around 6.0 (10-14 mM) and cytotoxic at and below pH 5.7 (12-16 mM).
Clastogenicity is sopped by neutrdization with sodium hydroxide or by increasing the
buffer concentrations in the incubation medium. The authors conclude from thisthet it is
not the substance as such that induces chromosome damage but that the damage is due to
the acid pH of the incubation medium as a nonspecific effect. The study was conducted
basicdly in accord with the OECD 473 guiddine “In Vitro Mammadian Chromosome
Aberration Test” (77).

Two gster chromatid exchange assays have been conducted using formic acid. Both
produced negative results. One utilized Chinese hamster V79 cdlls at formic acid
concentrations of 0.4, 0.6, 1.0 and 2.0 mM with and without an activation system (78).
The second utilized human lymphocytes a aformic acid concentration from 29 - 460
ug/ml (0.63 - 10 mM) with an activation system (79).

AnE. coli reverse mutation assay without activation produced dightly postive results. In
this 1951 report, the number of bacteria was varied while the test substance concentration
remained & amost the same level. The survival rate was reduced with a decrease in the
bacterial count (from 100% at 1.5 x 10° bacteria up to 2.8% at 2.6 x 10). In pardld, the
number of mutations was reduced with an increase in the surviva rate (80). Other

bacterid (Ames) tests produced negative results as indicated above.

Formic acid was reported to be negative in a SOS chromotest. The test was conducted
with and without an activation system and used 3-5 concentrations at up to 100 mM (81).
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Sodium Formate

A bacteria reverse-mutation assay of sodium formate produced negetive results (75).
Thisis consstent with the other formates that were negetive in the Ames test.

Sodium formate was tested for clastogenicity by Moritaet a. (77) who tested formic acid
neutraized with sodium hydroxide or sodium bicarbonate (both of which produce sodium
formate) in cultured CHO-K1 cells. This peer-reviewed report describes an OECD 473
like study in which it was demonstrated that sodium formateis not clastogenic to these
cdls. The study was further strengthened by the demonstration that neither acetic acid
nor lactic acid was clastogenic after neutralization to sodium acetate and sodium lactate
athough they displayed clastogenic activity at acid pH.

Sodium formate was reported positive in amouse lymphoma assay in both the presence
and absence of metabalic activation. The study is reported with no detailsin the
Chemicd Carcinogenesis Research Information System file (maintained by the Nationa
Library of Medicine) (82); no report has been located describing the conditions of this
study. Based on the year of the study (1982 or earlier) and the lack of positive
mutagenicity data for other tests and members of this category, this postive result is
considered suspicious, as colony sizing was probably not conducted. The current OECD
476 (adopted 21 July 1997) guiddine requires colony sizing to confirm the positive
result. Likewise, the 1994 Mammalian Cell Gene Mutation Assays Working Group report
(83) satesthat "Ability to recover smdl colonies must be convincingly demondrated
when using the L5178Y TK mouse lymphomaassay". In addition, the 1995 report by
Coombs et d (84) dso emphasizes the importance of colony sizing to the acceptability of
mouse lymphoma results. Thus, this report is consdered unrdigble.

Genetic Toxicity In Vivo

Formic Acid

A Drosophila SLRL test was performed using ord (feed) or inhdation exposure. The
mutation result was positive after inhalation exposure and adminigration viathe diet with
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mutation rates of 1.31 and 1.11% as compared with the control limit of 0.15% in each
case. If the pH was buffered to 7.5 in the feeding study, there was no increased mutation
rate. The postive effect was likely due to the pH of the acid form used in the testing (85,
86).

Sodium Formate

Formic acid neutraized with glycdne-NaOH buffer was tested in a Drosophila SLRL test
using ord exposure. After feeding for the entire larva stage of development, maes did
not show an increase in mutation rate at 0.1% formic acid neutralized. Feeding the acid
form without neutraization produced a satisticaly sgnificant postive result (86).

Methyl Formate

No studies of methyl formate itsdf are available; however, asit is known that methyl
formate is rgpidly hydrolyzed to formic acid and methanal, the data for these compounds
isrdevant. Formic acid dataiis provided in this document and the methanol data can be
found in the HPV document for methanol (EPA RTK website). Methanol has been
extensvely sudied for potentid genotoxicity and the weight of evidence indicateslack of
genotoxicity. In addition, the close analog methyl acetate was not genotoxic in arat
micronucleus assay at inhalation doses of up to 2000 ppm (71).

Summary and Recommendationsfor Genetic Toxicology

The genetic toxicology data set for formates suggest alack of genotoxic potentid.
Pogtive results that have been obtained were attributed to low pH valuesin the test
systems as has been reported in the literature for other acids (87). No further tegting is
recommended.
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Reproductive Toxicity

Reproductive toxicity studies of formates are limited; however, a multigeneration
drinking-water study with calcium formate has been conducted.

Formic Acid

There are data from the 13-week NTP inhalation study covering some reproductive
systemsthat do not indicate any obvious reproductive toxicity.

O Intherat study it is stated that for the SV CE parameters “ There were no effects of
exposure to formic acid on measures of sperm moatility, dengty, or testicular or
epididymal weights, and no changes were seen in the length of the estrous cycle.”

O Inthe 13-week mouse study, it is concluded “ There were no adverse effects of formic
acid exposure on reproductive parameters evaluated in male or femae mice (Appendix
C). Sperm moatility was somewhat lower in the exposed groups compared to controls,
but the values for controls were rather high, and the vaues for exposed mice fal well
within the historica range for control mice.”

O Inrats, no histopathological, gross or organ weight changes were noted in male or
femae reproductive organ systems after 2-weeks of exposure at up to 500 ppm or after
13-week exposure at up to 128 ppm.

0 Inmice, no histopathologica, gross or organ weight changes were noted in male or
femae reproductive organ systems after 2-weeks of exposure at up to 500 ppm or after
13-week exposure at up to 128 ppm.

Calcium Formate

Reaults of athree-generation drinking water study at 0 or 200 mg/kg/day calcium formate
in the drinking water have been published (66). Number, weight and length of offspring
did not differ in trested animas from controls. An additiona study of identical design a
400 mg/kg/day was stated in the report as producing no adverse effects. In these studies,
aportion of the offgpring was aso sacrificed shortly after birth for evaluation of
developmentd toxicity. No statigticd differences in organ or bone abnormdities were
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found. The growth of trested offspring was Smilar to controls. Presentation of datais
limited to the 200 mg/kg dose group.

Sodium Formate

No studies were identified except it was stated in the calcium formate multigenerationa
study publication that a smilar sudy was underway with 1% sodium formate (ca 1000
mg/kg/day). This study was stated to be ongoing for one and a haf years and no effects
indicating that this trestment was harmful had been observed. Data, however, were not
presented and results showing that this study was completed were not found in the open
literature (66).

Methyl Formate

No studies of methyl formate were found; however, data on formic acid and methanol are
relevant in estimating the reproductive hazard of methyl formate as these are the primary
in vivo metabolites. The formic acid data are discussed above and methanol has been
well studied for reproductive toxicity.

There are conflicting reports on the effects of methanol on testicular function. Cameron et
a. (88, 89) reported that male rats exposed repeatedly by inhaation (260, 2600 or 13000
mg/nt) to methanol demonstrated reduced serum levels of testosterone. Cooper et a (90)
also reported lowered testosterone levels, decreased testis weight, and decreased numbers
of morphologicaly norma sperm after gavage dosing for 21 days with 1,600 mg/kg/day
methanol but not with 800 mg/kg/day.

In contrast to these reports, Lee et a. (91) reported that rats exposed by inhaation to 260
mg/n for up to 6 weeks did not show any changes in serum testosterone, or in testis or
semind vescle weghts, or saverd in vitro biochemica parameters. In addition, norma

or folate deficient rats exposed to 1,040 mg/nT methanol for 20 hours aday, 7 daysa
week for up to 13 weeks did not show any effects on testicular morphology, testis
weights or semina vesicle weight. Older folate deficient rats, however, exposed to
methanol did have an increased incidence of age-related testicular degeneration.
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Summary and Recommendationsfor Reproductive Toxicity

Limited data are available for formates regarding reproductive toxicity. Low-leve
expaosures are not of concern because formate is anorma component of human
metabolism. Higher-level exposure is unlikely to result in significant reproductive
toxicity based on the data from formic acid and cacium formate. Methyl formate
reproductive toxicity may be defined by any representative formate and the extensive
methanol data showing minima risk from low to moderate methanol exposure. For EPA
HPV Program purposes, the present data from subchronic studies with examination of
reproductive organs will be consdered sufficient for the formate category provided a
definitive developmenta toxicity is conducted on a representative formate.

Developmental Toxicity

Theonly in vivo developmentd toxicity sudy known for formatesis the cacium formate
multigenerationd study described above in the reproductive toxicity section. In the
publication of this study, it was aso reported that sodium formate injected into eggs a 5,
10 or 20 mg, had no effect quditatively or quantitatively on the maformation spectrum

of frequency of the resultant chicks (66). Both the rat study and the chicken study showed
no evidence of developmenta toxicity but are not considered adequate in design or
reporting. No definitive studies on developmenta toxicity of any of these formates were
located.

Studies of methanol developmentd toxicity are relevant to the formate category snceit is
ametabolite of methyl formate and is itself metabolized to formate. Devel opmental

toxicity sudies of methanol suggest the potentid to cause developmentd toxicity in
experimental animas. An inhalation study in mice at 1,000, 2,000, 5,000, 7,500, 10,000,
or 15,000 ppm methanol for 7 hr/day on days 6-15 of gestation was conducted in which
the NOAEL for developmenta toxicity was 1000 ppm (92) . In this study, methanol doses
of 5,000 ppm or higher caused sgnificant increases in the incidence of exencephay and
cleft padate. Doses of 2,000 ppm or higher induced increases in the frequency of cervicd
rib formation or ossfication Stes laterd to the seventh cervical vertebra Materna

toxicity was only reported a 7500 ppm and above. This investigation was extended to
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examine the effect of methanol exposure at various times during development. It was
concluded that the conceptus is most sengtive to the effects of inhaled methanol during
gadtrulation and early organogenesis (93). Other developmentd toxicity investigations
have been conducted and provide results that are broadly similar. For example, the
inhaation NOAEL for developmenta effectsin therat is 5000 ppm (94). The
developmentd toxicity of methanol was aso shown to be exacerbated in mice provided a
falic-acid deficient diet (95, 96). This observation indicates that formate, which is
oxidized by atetrahydrofolate pathway, is at least partly responsible for the adverse
developmentd effects of methanal. It is not known if formate alone can produce the same
effectsin a standard developmenta toxicity sudly.

The developmentd toxicity of formate and formic acid have been investigated using
whole embryo culture of rats and mice (97). It was reported that both formic acid and
sodium formate are gpproximately equaly embryotoxic and are four to eight times more
potent than methanol at the same molar concentration. In a study designed to € ucidate
further details on the raionship of formate to methanol developmentd toxicity, the
combined effect of methanol and formic acid on rat embryos in whole embryo culture
was examined (98). The authors concluded that the combined exposure had less effect on
the cultured embryos than was predicted by smple additively and therefore the
mechaniam of activity islikdy different for the two agents. This result dso demonstrates
that the dysmorphogenic effects observed in the presence of methanol are not likely due
to asynergistic combined effect of methanol with its metabolite formate.

Gavage adminigtration of sodium formate (750 mg/kg) to pregnant CD-1 mice on
gedtationa day eight did not result in exencephaly in spite of the fact that it produced a
peek blood formate level smilar to that produced following a 6-hour exposure to 15,000
ppm methanol (99). This observation led the authors to conclude that devel opmentd
toxicity of methanol by inhdation in CD-a mice was not aresult of the accumulation of
formate but a direct result of the methanol concentration.

Developmentd toxicity studies of Methyl formate have not been conducted; however, as
it ismetabolized in vivo to formic acid and methanol, the data on methanol and formate
developmenta toxicity serve to characterize the developmenta toxicity of methyl
formate.
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Overdl, the studies conducted using formate to investigate methanol-induced
developmentd toxicity have been inconclusive and additiond information would help
provide further understanding of the potentid of high doses of formate to cause
developmentd toxicity.

Summary and Recommendations for Developmental Toxicity

Limited data are available for this category regarding developmenta toxicity. Low-leve
exposures are not of concern because formate is anorma component of human
metabolism. Higher-level exposure may be selectively hazardous to the conceptus. A
definitive study on a representative formate — such as sodium formate — where the
formate dosage may be maximized without causing narcosis or acidosis is recommended
asameans of completing HPV Program requirements.
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Overall Summary

Relative to the HPV program, most of the requested screening data for this category of
chemicds are available or can be rdliably estimated. Some of the existing studies are not
of modern quality but data from other members of the class increases the overdl
confidence of the data setsfor fate, environmenta effects and acute hedlth effects. The
consgtency of the available data confirms the vdidity of grouping these materidsinto a

category.

Although multi-generationa studies have been conducted for formate salts without
producing developmentd effects, the sudies are not sufficiently robugt to fill the
developmentd data endpoint. The fact that formates are anorma congtituent of human
metabolism further reduces the concern of low-leve hazard; however, testing of a
representative formate for developmenta toxicity would add to the confidence of the
hazard evauation for this category.

Recommended testing for the category is developmentd toxicity testing in rats of a
representative formate. Sodium formate is recommended as the preferred sdlt to be tested
for developmentd toxicity as pH effects and irritation will be minimized, and as sodium

is the most common extracdlular cation. It is further recommended that a sodium control
group be added to account for any role of excess sodium cation on development. In
addition to these recommendations, it should be kept in mind that a European consortium
is addressing the data-set for formic acid under the ICCA program.
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Appendix I. Hydrolysis and Aquatic Toxicity of Methyl Formate

This appendix has been prepared for the Formates U.S.EPA HPV Formates Category
document and presents a more through discussion of some of the issues surrounding the
estimation of Methyl formate aguatic toxicity.

As methyl formate hydrolyzesfarly rapidly in water (hdf-life 6.7 hours at pH 8), aquatic
toxicity sudies are difficult to perform and their results are difficult to interpret asthe
actud exposure isto amixture of methyl formate, methanol and formic acid. Even with a
flow-through system there will be a sgnificant concentration of methanol and formic acid
that will vary as afunction of the flow rate. Idedlly, estimation of the toxicity using a
vaidated SAR and comparison of this vaue with the aquatic toxicity of the hydrolyss
products, methanol and formic acid, is the preferred way to assess agquatic hazard of pure
methyl formate. From a practica viewpoint, the aquatic toxicity of Methyl formateis
better assessed by using data from the hydrolysis products formic acid and methanal.

Veith et d.1 studied the toxicity of 29 indugtrid estersto fish and concluded that the
toxicity of these compoundsto fish is greater than predicted using the Ko/w with the
narcosis QSAR model. They developed a QSAR modd for esters based the datafrom
these 29 edters. Although they did not specificaly include any formate estersin the study,
no reason for excluding these smple esters was given or is obvious from chemica or
toxicologica principles. The U.S. EPA has adopted this validated SAR relationship for
esters noting that it restricted to acetates, benzoates, dicarboxylic diphatics and

phthal ates derived from diphatic acohols (ECOSAR Documentation). No rationd for
excluson of formate estersis given nor is goparent ingpecting the wide variety of esters
that were used to develop the QSAR. It appearsingtead, that the limitation stems from the
fact that no formate esters were tested. To help bridge this gap, the ECOSAR predicted
toxicity of Ethyl formate was compared to its experimentaly determined toxicity and the

1 Veith, G, D. DeFoe and M. Knuth. Structure-Activity Relationships for Screening Organic
Chemicals for Potential Ecotoxicity Effects. Drug Metabolism Reviews 15:1295-1303 (1985).
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relationship was found adequate.2 Therefore gpplication of the QSAR to formatesis
considered an appropriate means to estimate the toxicity of methyl formate.

When agpplied to methyl formate, the ECOSAR-derived fish 96 hour LCsy is predicted to
be 132 mg/L and the daphnid ECsp predicted to be 4500 mg/L. When toxicity values are
edimated using the neutral organics mode predicted vaues for fish and daphnids are
7322 and 6753, respectively. The esters model accounts for the “excess toxicity”
displayed by esters over what would be expected from a neutral organic acting by smple
narcoss. Although no rationae is known for this excess toxicity of esters, one could
gpeculate thet it isaresult of the enhanced uptake of esters (based on Kqw) as compared
to the acid and alcohol components alone. It is expected that esterases in the organisms
would cause rapid hydrolysis of the esters resulting in 1) ahigher internal concentration

of acid and dcohoal than would be absorbed if exposure wasto the acid and a cohol
forms, 2) and absorption-excretion equilibrium disruption due to alower internd
concentration of ester that would “pull” more ester into the organism, 3) ametabolic
acidosis as the hydrolysis product is acidic. This hypothesisis supported by the low
reectivity of esters with non-specific biologica macromolecules.

Asthere are some experimenta data available for methyl formateiit is useful to compare
these results with the predictions from modeling and to consider the effect of hydrolyss
on pH. Inthe sudy that is summarized for methyl formate on fish, the level of 215 mg/L
(3.58 mM) resulted in 100% mortaity within 24 hours. A leve of 100 mg/L (1.66 mM)
resulted in 30% mortdity observed at 48 hours and later. Lower concentrations produced
no mortaity. Unfortunately, pH vaues after exposure were not recorded for the methyl
formate exposures, however, these can be estimated from experimental data available for
formic acid. Both studies were conduced in the same laboratory with water of the same
hardness and “acid capacity”. Asthe hydrolysis of methyl formate produces formic acid
and methanal, the formic acid will dissociate in water resulting in acid conditions. In the
gudies with formic acid, a1.0 mM (46 mg/L) solution of formic acid had an initid pH of

2 The ESOSAR predicted 96-hour LD50 for fish is 88.8 mg/L while the experimenta vaueis
230 mg/L (as determined by Veith and cited in the ECB IUCLID 2000 document for Ethyl
formate). The base-catalyzed hydrolysis constant (k,) for Ethyl formate was determined by
Hammett (Humphreys, H and Hammett, L. . J. Am Chem Soc. 78: 521-524, 1956) to be 1.98
L/mol-sec at 19.76° C; therefore, hydrolysisin 96 hoursis not an issue.
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4.3, but resulted in no mortdity. A 2.18 mM (100 mg/L) solution gave apH of 3.3 and
was associated with 100% mortality as soon as 1 hour after initiation of exposure. Inthe
case of neutralized formic acid, no mortality was observed at 100 mg/L.

It could be speculated that the fish mortaity produced by methyl formate (3.58 mM)
resulted from hydrolysis of the methyl formate to formic acid and a resulting severe pH
reduction. It is, however, highly unlikely that this occurred, as the kinetics of hydrolysis
are pH dependent. Asthe pH drops, the rate of hydrolysis falls ten-fold with every unit of
pH. Based onaty, of 67 at pH 7, once the pH dropsto 6.0 the ty» becomes 670 hours
for the remaining methyl formate hydrolyss. It is gpparent the pH could not fal below
5.0 in the 96-hour incubetion as aresult of methyl formate hydrolyss. We aso know
from the formic acid experiments (on the same species of fish), that the fish tolerate a pH
of 4.3 without mortdity. Therefore, the fish mortaity a 215 mg/L methyl formate was
not aresult of pH reduction resulting from hydrolyss. Furthermore, as the hydrolysis of
aslittle as 1 mM of the methyl formate would produce a pH of 4.3 (based on
experimenta data from formic acid), it can be concluded that less than one-third of the
methyl formate a the highest concentration was logt to hydrolyss. At lower levels (such
asthe 100 mg/L, 1.66 mM leve) the proportion potentialy subject to hydrolyssis
somewhat greater but ill this estimation of methyl formate concentration is within the
typica variations routingly observed in inter-laboratory and inter- gpecies variion in the
edtimation of the LCs to freshweter fish.

Although it can be concluded that hydrolysis was not a major source of error in the
available data for methyl formate aguatic toxicity, the issue of volatility till remains. The
low vaue of the Log Ko/w (-0.17) and high water solubility confers amoderatdly low
Henry’s Law Congtant (experimenta vaue) of 2.23 X 10-4 aim-m3/mole. This suggests
moderate volatility from water and EPIWIN predicts atl/2 for voldtilization from a

mode lake a 96 hours. Based on this prediction, the concentration of methyl formatein
the fish and daphnia tests probably remained in arange where the test was reasonably
robust during the 48-hour daphnid test and the 96-hour fish test. In addition, asthe
materia is not anticipated to bioconcentrate to any degree, the initia 24 to 48 hours of
exposure is expected to provide a good approximation of the 96-hour mortdlity.

From apractical standpoint, between the rapid hydrolysis and biodegradation, little
Methyl formate is expected to survive a drainage system and wastewater trestment plant
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(unless the concentration is suffiently high to affect the pH after initid hydrolss). What
little amount that remains in the effluent will undergo hydrolysis to methanol and formic
acid, both of which are hydrolyticaly stable. Therefore, the effects of methyl formate on
aquatic species are better estimated by using data from methanol and formic acid.
Furthermore, asthe limited experimenta data available support the use of the “esters’
ECOSAR QSAR modd, it is concluded that the QSAR estimate for the toxicity of methyl
formate to agquatic species is adequate for the purposes of the EPA HPV program.
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Appendix Il: Methanol Developmental Toxicity Summaries*

* Summaries from Methanol HPV Document

Species: rat

Sex: femde

Strain: Sprague-Dawley
Route of admin.: inhalation

Exposure period: 7 hours/day

Freguency of

treatment: daly

Duration of test: day 1-19 of gestation
Doses: 0, 5000, 10000, 20000 ppm
Control Group: yes, concurrent vehicle
NOAEL Materna Toxicity: >= 10000 ppm
NOAEL Teratogenicity: = 10000 ppm

LOAEL Maternal Toxicity: <= 20000 ppm
LOAEL Teratogenicity : <= 20000 ppm
Method: other

Y ear: 1985

GLP. no

Test substance:

Reagent Grade Methanol -Matheson, Colemen & Bell Manuf. Chemists

Method:
Pregnant females, 15 per group, except 13/ group at 5,000 ppm were exposed for
7 hrd day, on days 1-19 of gestation.Parameters evaluated included body weight,
food consumption, clinical signs, and survival. Blood methanol level, corpora
lutea, dead, resorbed, malformed fetuses [half visceral, half skeletal] observations
were also made.

Remark:

Different incidences of visceral malformations were reported in the text than
were reported in the tables. The occurrence of materna toxicity in the
significantly affected group compromises an interpretation of the teratogenic
effects as being solely the result of in utero methanol exposure.
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Result:

The highest concentration of methanol produced dight maternal toxicity

(unsteady gait) and a high incidence of congenital malformations, predominantly
extra or rudimentary cervical ribs and urinary or cardiovascular defects. Blood
methanol increased with dose (1.00, 2.24 and 8.65 mg/ml}. The feta

observations that were significantly different from control (p<0.05) at 20,000

ppm are: Number of litters(fetus) with visceral and skeletal malformation, the
percentage of litters with abnormal fetuses and the percentage of normal fetus. A
non statistical increase in malformation was also reported at 10,000 ppm. No
significantly differences from control (p<0.05) was noted at any of the lower
doses.

Conclusion:
The highest level of methanol produced dight materna toxicity and a significant
increase in congenital malformations. A non-statistical increase in malformation
was also reported at 10,000 ppm

Reliability: (2) valid with restrictions

Reference
Neson, B.K., W.S. Brightwell, D.R. MacKenzie, A. Khan, JR. Burg, W.W.
Weigd, and P.T. Goad. (1985). Teratologica Assessment of methanol and
ethanal at high inhdation levelsin rats. Fundamenta and Applied Toxicol 5:
727-736.

Species: rat

Sex: femde

Strain: Sprague-Dawley

Route of admin.: inhaation

Exposure period: 20 hours/day

Freguency of

treatment: daly

Duration of test: day 7-17 of gestation

Doses: 0, 200, 1000, 5000 ppm

Control Group:

yes

NOAEL Maternal Toxicity:
NOAEL Teratogenicity:
LOAEL Maternal Toxicity :
LOAEL Teratogenicity :
NOAEL Embryotoxicity :

> 1000 ppm
> 1000 ppm
<= 5000 ppm
<= 5000 ppm
>= 1000 ppm
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Method: other

Y ear: 1986

GLP no data

Test substance: Methanol, Junse Chemical Co.
Method:

Thirty-six pregnant rats per group were used in this study. Twenty were
sacrificed/group at day 20 and 10/group were dlowed norma ddivery.
Parameters evaluated included body weight, food consumption, clinical sgns,
organ weight, histopathology and survival. The number of fertilized corpus
[uteum, implantation, living and death fetuses, were aso determined. Viscera or
skeleton evaluations were conducted on each litter. Offspring from the normal
delivery were subjected to general observation at birth, organ check, organ
texture, genital function and movement. The F1 were bred and all sacrificed at
day 20, litter evaluated as above.

Remark:
Similar to standard teratogenicity study in rats except the length of the daily
exposure was much longer than norma (20 vs 6 hrslittle time for clearance as
exposure was essentially continuous) and some pregnant rats were allowed to
deliver normally.

Result:
Dams exposed at 5,000 ppm had decreased rate of body weight gain, decreased
food/water consumption, and one death (plus one sacrificed). Increased embryo
mortality, decreased fetal weight, increase in septal defects, obstructed vertebro-
costal foramen, cervical ribs, excess sublingua foramen nervosa, delayed feta
growth and reduced ossification were noted in the high dose fetuses. In the
normal ddlivery groups decreased food/water consumption, and delayed
pregnancy (0.7 days) were reported in the high dose. Pups from the high dose
group had increased early mortality, lower birth weights, lower postnatal body
weight and a dight decreased water consumption (no effect on food
consumption). The high dose male offspring sacrificed at 8 weeks had
decreased brain, thyroid, thymus, testes weight and increased in hypohysis
weight. The high dose females had reduced brain and thymus weights. No
histopathologica effects were noted in these organs, except hemilatera thyroid
defects

Conclusion:
Inhalation exposure demonstrated treatment-related effects in rats and their
fetuses exposed at 5,000 ppm. Fetal toxicity, visceral/skeleton effects were seen
in the fetuses exposed at 5,000 ppm , but this dose was maternaly toxic.
Methanol is not considered teratogenic in this study. 1,000 ppm was a NOAEL
for both the dam and the fetus.

Rdiability: (2) valid with restrictions

Reference
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New Energy Development Organization (NEDO). (1986). Toxicological research
of methanol as afuel for power station. Tokyo, Japan. September.

Species: mouse

Sex: femde

Strain: CD-1

Route of admin.: inhalation

Exposure period: 7 hours/day

Freguency of

treatment: day 6-15 of gestation

Duration of test: 20 days

Doses: 0, 1000, 2000, 5000, 7500, 10000, 15000 ppm
Contrd Group: yes

NOAEL Materna Toxicity: > 15000 ppm

NOAEL Teratogenicity: = 1000 ppm

NOAEL Embryotoxicity : = 1000 ppm

LOAEL Teratogenicity : = 2000 ppm

LOAEL Embryotoxicity : = 2000 ppm

Method: other

Year: 1993

GLP: no data

Test substance: Methanol , High purity Optima grade Fisher Scientific
Method:

Blood methanol concentrations were determined on gestation
days 6, 10, and 15. Fetus were examined for number of
implantation sites, live/dead fetuses, and resorptions.

Fetuses were examined externally and weighed as alitter.
Half of each litter was examined for skeletal morphology/
Internal soft tissue anomalies.

Remark:
Study design is complex. Only 3 chambers were used and
exposures were staggered. Number of animal used appeared to
be adequate, but it was hard to tell exact number used, as
data was listed as litters per treatment group. Some animals
were removed for plasma methanol determinations.

Result:

One dam died in each of the 7,500, 10,000, and 15,000 ppm
methanol exposure groups. The methanol exposed dams gained
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less weight than did unexposed dams fed ad libitum.
Significant increases in the incidence of exencephay and
cleft palate were observed at 5,000 ppm and above,
increased embryo/fetal death at 7,500 ppm and above
(including an increasing incidence of full- litter
resorptions), and reduced fetal weight at 10,000 ppm

and above. A dose-related increase in cervical ribs or
ossification sites lateral to the seventh cervical vertebra
was significant at 2,000 ppm and above. Methanol plasma
levels increased with dose. No signs of maternal toxicity

were noted.

Conclusion:
The NOAEL for the developmental toxicity in this study was
1,000 ppm.

Reiability: (2) vaid with redtrictions

Reference:
Rogers, JM.; M.L., Mole; N., Chernoff; B.D.,Barbee; C.L., Turner; T.R,,
Logsdon; R.J.,Kavlock, (1993), The developmental toxicity of inhaled methanol
in the CD-1 mouse, with quantitative dose-response modeling for estimation of
benchmark doses. Teratology 47(3):175-88

Species: mouse Sex: female

Strain: CD-1

Route of admin.: inhaation

Exposure period: 6 hours/day

Frequency of

treatment: 7-9 and day 9-11, day 6-15

Duration of test: 20 days

Doses:. 0, 5000, 10000, 15000 ppm

Control Group: yes

NOAEL Materna Toxicity: >= 10000 ppm

NOAEL Teratogenicity: = 5000 ppm

LOAEL Materna Toxicity : <= 15000 ppm

LOAEL Teratogenicity : = 10000 ppm
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NOAEL Embryotoxicity : = 5000 ppm

Method: other

Y ear: 1993

GLP: no data

Test substance: Methanol -HPLC grade J.T. Baker
Method:

The study used 17-27 pregnant mice per group. Parameters evaluated include
body weight, clinical sgns, and survival. The number of livel dead fetuses,
resorbed, and malformed fetuseqviscera] plus implant sites was also
determined.

Remark:
A pilot study was also reported in this paper that was used to set conditions for
the main study. A good specia study that examined certain time periods during
gestation and the effect of methanol on neura tube defects.

Result:
Neurological effects (ataxia, depressed motor activity circling, tilted heads) were
noted in the 15,000 ppm dams only on days 1,2 and 3 of exposure (20, 10, 5%).
Maternal body weights were decreased at day 17 at 15,000 ppm (high
resorptions). Embryotoxicity was noted in fetuses (increased resorptions, reduced
fetal weights, and/or fetal malformations) at 10,000 and 15,000 ppm leve, while
no observable adverse effects were seen in the 5,000 ppm group. Neura and
ocular defects, cleft paate, hydronephrosis, deformed tails, and limb (paw and
digit) anomalies were reported. Neural tube defects and ocular lesions occurred
after methanol inhalation between GD 7-9, while limb anomalies were induced
only during GD 9-11, cleft paate and hydronephrosis were observed after
exposure during either period.

Conclusion:
The highest level of methanol (15,000 ppm) produced dight materna toxicity
and embryotoxicity. Teratogenicity and embryotoxicity was aso reported at
10,000 ppm, but not 5,000 ppm.

Reliability: (2) valid with restrictions

Reference:
Bolon, B., D.C. Dorman, D. Janszen, K.T. Morgan, and F. Welsch. (1993).
Phase-specific developmentd toxicity in mice following materna methanol
inhaation. Fund. Appl. Toxicol.21:508-516.

Species: monkey Sex: femae
Strain: Macaca Fascicularis
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Route of admin.: inhaation

Exposure period: 2.5 hours/day
Frequency of

treatment: dally

Duration of test: 120 days

Doses. 0, 200, 600, 1800 ppm
Control Group: yes, concurrent vehicle
NOAEL Maternal Toxicity: > 1800 ppm

NOAEL Teratogenicity: > 1800 ppm

Method: other

Y ear: 1999

GLP: no data

Test substance: Methanol , High purity HPLC grade Fisher Scientific
Method:

Eleven or 12 female monkey per group were used in this study. Pregnancy
observations and delivery exam were conducted. In addition body weight,
clinical signs, and survival were also evauated.

Remark:
An excellent well conducted study in a species that is more closely associated
with humans as far as methanol toxicity is concerned. Study was sponsored by
EPA, auto companies and API. Study was reviewed by an outside expert panel,
whoagreed with the study author’s conclusions.

Resuilt:
The weights of al females were quite stable during the study. Mean weight gain
during pregnancy varied from 1.3 kg to 1.8 kg across al exposure groups.
Clinical observations did not indicate the presence of overt toxicity in the adult
females, and none exhibited a pattern of responses indicative of fine-motor
incoordination due to methanol exposure. Methanol exposures were associated
with areduction in the length of pregnancy, thus shortening the gestation period
of the offspring, but did not affect the size of the offspring at birth, the average
birth weight, crown-rump length, and head size of infants in the methanol-
exposure groups. Neurobehavioral testing suggested possible effects in two
tests, but the effects was not concentration dependant or a significant overall
effect across the methanol groups. Another observation, not judged a treatment
related effect, was a serve wasting syndrome in two female offspring in the
high dose methanol group. These two observations were not considered to be
treatment related.

Conclusion:
Chronic methanol exposures for up to 1 year did not cause overt maternal
toxicity in m. fascicularis females. Methanol exposures were associated with a
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reduction in the length of pregnancy (not dose dependent). No decrease in
offspring birth size was observed. No obvious birth defects were noted.

Reliability: (1) valid without restriction

Reference:
Burbacher, T., D.,Shen, K.,Grant, L.,Sheppard, D.,Dumian, S.,Ellis andc
N.,Liberato, (1999) Reproductive and offspring developmental effects following
maternd inhaation exposure to methanol in non-human primates, Part 11:
Developmental effects in infants exposed prenatally to methanol. Health Effects
Ingtitute Report 89 October 1999
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Robust Summaries Follow as IUCLID Style Documents
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